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CHAPTER I 
~ c r o o r g a n i s m s  a r e  widely used i n  many i r r a d i a t i o n  
experiments, They possess d e s i r a b l e  c h a r a c t e r i s t i c s  f o r  
this resea rch  becauae they can be maintained i n  s t e r i l e  cul-  
ture, because of t h e  rapid  growth of a population, and be- 
cause of t h e  r e l a t i v e  ease  with which they  may be counted. 
The methodology used may be varied g r e a t l y  and many enr i ron-  
mental  condi t ions  can be s tudied  i n  s h o r t  per iods  of  time. 
Microorganisms e x h i b i t  t h e  same growth p a t t e r n s  as 
do h igher  organisms, Yet t h e  u n i c e l l u l a r  organism tends  t o  
be a f f e c t e d  i n  d i f f e r e n t  ways. Small changes i n  t h e  environ- 
ment may induce l a r g e  changes i n  t h e  growth pa t t e rn ,  
The protozoan, Euglena, has c h a r a c t e r i s t i c s  o f  both 
p l a n t s  and animals. Because of  t h e  presence o f  ch lorophyl l  
and o t h e r  chromtopores ,  Ehglena is o f t e n  c lassed  as an auto- 
t m p h .  I n  i t s  mobi l i ty  and a t  t imes h e t e r o t m p h i c  metabolism, 
it e x h i b i t s  p roper t i e s  of t h e  t y p i c a l  animal. 
E ~ l e n a  has been s tudied  using d i f f e r e n t  types of 
i r r a d i a t i o n ,  u l t r a d o l e t ,  r ad io  a c t i v e  coba l t ,  and X-ray. 
The e f f e c t  of phys ica l  wave a c t i o n  on t h e  organism has r e -  
ca i rgd  1088 a t t e n t i o n .  The e f f e c t  of ultrasound on ,- 
would shed l i g h t  on the inf luence  of another  source  of 
energy, one which is used in industry and in some homes. 
Studies on microorganisms may have significance when the 
information is applied to higher forms. 
The purpose of this study was: to (1) develop methods 
for the determination of the effect of ultrasonics on the 
population growth of Euglena; and (2) to describe its effect. 
CHAPTER I1 
REVIEW OF THE LITERATURE 
Ul t rasonic  v l b r a t i o n s  a c t  upon c e l l s  i n  many d i f f e r e n t  
ways and t h e s e  a c t i o n s  may cause population d i f ferences .  
Goldman and Lepeschkin, working with t h e  a lgae  S p i r a ~ ~ r a ,  
noted t h a t  c a v i t a t i o n  acted as an e x t e r n a l  source of shock 
waves which produced i n j u r y  by s t e a d i l y  bombarding t h e  
c e l l s .  1 
V i c t o r  T o  Tomberg has indica ted  t h a t  s t u d i e s  a t  B r u s -  
a e l s  (1946-1952) showed t h a t  c a v i t a t i o n  depends on t h e  v i s -  
c o s i t y  o f  t h e  i r r a d i a t e d  mate r i a l  and t h e  presence of gas 
bubbles  i n s i d e  such matter. Gas bubbles have c e r t a i n  weak- 
nesaee i n  n i tha tanding  u l t r a s o n i c  wares. They r i b r a t e  and 
reach  a c r i t i c a l  diameter a t  which po in t  they  b u r s t ,  forming 
hollow spaces of low gas pressure. 2 
H a m y  and Loomis, as c i t e d  by Cordon, found t h a t  very 
low i n t e n s i t y  of ultrasound caused a micro-s t i r r ing  of c e l l u -  
l a r  protoplasm. The s t i r r i n g  a c t i o n  increased with increased 
ID. E. Goldman and W. W. Lepeschkin, "In jury t o  Living 
C e l l s  i n  Standing Sound Waves," Journal of C e l l u l a r  
Comparative P h p s i o l o a ,  XI, (October, 195z, 255. 
2 ~ i c t o r  T. Tomberg, wUltrasonic  Daismetry f o r  Medical 
and Bio log ica l  Work," U l t n s o n i c  New, I ( ~ e b r u a v ,  1958), 
21. 
intensity until chloroplasts were disoriented, protoplasm 
constituents became separated from each other, and cells 
were finally ruptured which caused death, 1 
irradiation With ultrasonic vibrations the proto- 
plasm of the Yeast Saccharornuas cersvlsiae was changed in 
appearance, The spherical vacoules took on irregular shapes; 
the protoplasm congealed, contracted, and drew away from the 
call walls. 2 
The physical pressures of the sound waves are the 
most obvious means of cell destruction. Some researchers 
have suggested leas obvious methods for explaining the effects 
upon cells, Wood stated that one of the most surprising and 
spectacular effects produced by supersonic waves traveling 
through a liquid is the aggregation of minute suspended par- 
ticlea into a single lump, This is associated in some way 
with the presence of dissolved air in the water. The use of 
moderate intensitlea rendered small unicellular organism 
such as Paramecium immobile for a period of timeD3 
Newcomer and Wallace discovered that the primary phy- 
siological effect of X-ray and mustard gas in produciw 
l ~ ~ d ~ ~ ~  G, Gordon, "The Use of mtrasonics in Agri- 
culture, n ~ltrasonics, I ( April-June, 1963)~ 70, 
2 ~ ~ l d m a n  a d Lepschkin, a. P a  383, 
3Robr* willi- woods, ~uversonics (Profidence, Rhode 
Island : Brown University Press, 1939) , P a  73, 
5 
adhesiveness of the dividing chromosomes and chromatic break- 
age were produced simultaneously by ultrasonic vibrations. 1 
Newcomer found that sound waves of sufficient intensity 
to produce visible nuclear or chromosomal aberations in the 
root tip of Narciasus poeticus, were apparently lethal, and 
no new chromosomal reorganizations were observede2 
Death of microorganisms and of animal and vegetable 
cells is not the only effect of ultrasonic waves. Fadeeva 
and El'piner reported there are indications that functional 
and physiocolloidal disruptions of cell structure which do 
not lead to the death of the cells were caused by ultrasonic 
energy. It was established that the electrokinetic potential 
of a cell also undergoes certain changes in the field of 
ultrasonic waves , 3  
Losa, a8 cited by Gordon, states it is a long known 
fact that diffusion and oamoais are speeded up by ultrasound 
and more recently that ultrasonic changes the chemical 
l ~ a r l  H. Newcomer and R, Ha Wallace, nChromosomal 
and Nuclear Abarations Induced by Ultrasonic Vibrations," 
American Journal of Botany, XXXVI ( January- June, 19541, 
231. 
2!3arl Newcomer, nOb~errations on Dosage, the Mechanism 
of Action and the Recovery of Cells Exposed to Ultrasonic 
Vibrations," American Journal of Botany, XLI (January-June, 
19541, 384-86. 
M Pa Fadeeva and I. E. Elfpiner, nThe Effect of 
Ultrasonic Wares on Asotobacter Chroccoccum,n~crobio lo~~ ,  
XXVIII ( July-August, 1959), 458. 
s e l e c t i v i t y  of semi-permeable membranes. 1 mis, of course, 
e f f e c t s  m a t e r i a l 5  which e n t e r  and l eave  t h e  ce l l - -mater ia l s  
s o  necessa ry  f o r  t h e  l i f e  of t h e  c e l l ,  
Ia tomina and Ostrousky, as c i t e d  by Gordon, b e l i e v e  
t h a t  a l l  p l a n t  biochemical  r e a c t i o n s  i n  po ta to  g r o m h  a r e  
governed by enzymes which were found i n  many c a s e s  t o  be 
i n f l u e n c e d  by ul t rasound.  2 
Topa, whi le  working wi th  u l t r a s o n i c  waves on a n t i -  
b i o t i c  producing fungi ,  concluded t h a t  t h e  a c t i o n  of an 
a c o u s t i c  f i e l d  on spores  of  mycelia of  Pen ic i l l i um,  Chryso- 
penurn, and S t r e p t o r n ~ c e s  b r ings  about permanent morphological 
and f u n c t i o n a l  changes. He concluded f u r t h e r  t h a t  i n  t h i s  
new manner, new a n t i b i o t i c s  could be obtained and t h a t  t h e  
p r e s e n t  o u t p u t  of t h e s e  products  could be increased.3 
With u l t r a s o n i c  a c t i o n  t h e r e  is a l s o  a r a i s e  i n  tem- 
p e r a t u r e  of t h e  organism and t h e  medium i n  which t h e  o r g a s m  
l i v e a .  Crawford, whi le  working with  u l t r a s o n i c s  and t h e  
math P e r i p l a n e t a  americana, repor ted  a two i n c h  long i n s e c t  
was k i l l e d  qu ick ly  by a fas t  r i s e  i n  t h e  i n t e r n a l  tempera- 
t u r e .  4 
 ordo don, OJ. urn, P. 70. 2 ~ b i d  3 p. 72. 
3MiaczKslar Topa, "Effect of  Ul t rasonic  Waves on Anti- 
b i o t i c  ~ u n g i ,  ~ h a  Ul t ra son ic  N e w s ,  V (Summer, 19611, 4. 
kAlan Em Crawford, Ul t rasonic  engineer in^ (New york: 
Academic Prese, I n c a ,  1 9 5 5 m  
7 
Obalesky as cited by Gordon states  temperature increase 
of treated organisms has been known as  one of the more spec- 
tacular effects of ultrasonics. Heat may be responsible for 
a temporary acceleration of some bio-chemical reactions, and 
le thal  e f f ec t s  on organisms.l 
CHAPTER I11 
MATERIALS AMD METHODS 
A bacter ia  f r e e  cul ture  of Ewlena g r a c i l i s  was ob- 
t a ined  from t h e  National Biological Supply Company, Chicago, 
I l l i n o i s ,  S t e r i l e  t r ans fe r s  were made t o  Ewlena broth 
30690-01 from Difco Laboratories. Young cu l tu res  were main- 
t a ined  throughout t h e  experiment, using the  s t e r i l e  t r ans fe r  
technique, 
The number of organisms per  un i t  volume was determined 
wlth t h e  a i d  of a densimeter designed and constructed f o r  
t h i s  purpose, A beam of l i g h t  was passed through t h e  cu l tu re  
tube on t o  a  photoelectr ic  c e l l ,  The res i s tance  of t h e  
c i r c u i t  was mad on an Eico Model 249 vacuum tube Electronic 
voltmeter  ohmmeter. The ohmite range was from 1 t o  1000 
ohma of reaiatanca,  
Each cu l tu re  tube was tes ted  with only Euglena broth 
and marked a s  t o  the  correct  posi t ion i n  t he  densirneter f o r  
t he  l e a s t  absorption, Twenty, one hundred f i f t y  m l .  g la s s  
test  tubes w i t h  t he  same transmission index were used through- 
ou t  t h e  sxperiment, Each t e s t  tube was inser ted  i n t o  t he  
densimetsr with caution so  a s  t o  maintain it i n  the  proper 
posi t ion.  
Test tubes containing twenty five ml, of s t e r i l i z e d  
EUE1ena were inoculated. Each day t h e  cu l t u r e  dens i t y  
of 
~ r a c i l i s  Was determined with t h e  a i d  of t h e  den- 
simeter, 
A hemocnometer was used t o  determine t h e  number o f  
* ~ l e n a  p e r  u n i t  volume and i n  t u r n  cor re la ted  wi th  t h e  
d e n s i t y  ohmite reading, One-tenth o f  a cubic mi l l imeter  of 
a given concentrat ion of Euglena was placed on t h e  hemcy- 
tometer  and photographed under a microscope, The negat ive  
was used t o  determine t h e  number of  organisms p resen t  by 
p r o j e c t i n g  images o f  t h e  Ewlena  with a film s t r i p  p ro j ec to r  
on a sc reen  and counting t h e  number present ,  This was then  
c o r r e l a t e d  with t h e  absorpt ion of  l i g h t  as determined by t h e  
densimeter,  A s e r i e s  of d i l u t i o n s  was made and t h e  respec- 
t i ve  denmimeter readings were detenained. From these  read- 
i n g ~  a graph waa drawn from which t h e  population dens i ty  was 
determined, 
The c u l t u r e  medium was prepared and placed i n  t e s t  
tubes  and stoppered wlth cot ton  plugs, These were s t e r i l i z e d  
under 15 pounds of steam pressure f o r  a period of  15 minutes, 
The cooled madlum rms than inoculated rrlth a seven day old 
c u l t u r e  posseselng about 250 organisms pe r  one-tenth cubic 
d l l i m g t e r ,  One loop of  t h e  s t e r i l e  inoctilant was i n t r o -  
duced i n t o  f r e s h  medium, The pH of t h e  medium as determined 
by a Beckman Model H2-17 pH meter was 4.0. 
~h~ c u l t u r e  tubes were placed under constant  f luorescent  
- 
l i g h t  a t  a room temperature of 320 centigrade.  Each tube w a s  
a g i t a t e d  twice d a i l y  and d a i l y  densimeter determinat ions 
were made. 
On t h e  f i f t h  day of growth, twelve t e s t  tubes  contain-  
i n g  a c t i v e l y  growing populations of  Euglena were taken t o  
t h e  C i v i l  Engineering h e x  a t  Iowa S t a t e  Universi ty  where 
u l t r a s o n i c  i r r a d i a t i o n  was performed. A Brinkman u l t r a s o n i c  
d i s p e r s e r ,  nebul izer ,  machine was used. The megacycle piezo- 
l e c t r i c  o s c i l l a t o r  maintained an i n t e n s i t y  output  o f  95 
milliamps. The i r r a d i a t i o n  time was cons tant ,  f i v e  minutes. 
The c a v i t a t i o n  chamber was p a r t i a l l y  f i l l e d  with d i s -  
t i l l e d  water  and t h e  inoculated tubes  suspended i n  this water. 
Each c u l t u r e  was thoroughly a g i t a t e d  before immersion i n t o  
t h e  c a v i t a t i o n  chamber f o r  i r r a d i a t i o n .  The sonic  genera tor  
operated continuoualp from t h e  time t h e  first of  twelve 
c u l t u r e a  were i r r a d i a t e d  u n t i l  t h e  f i n a l  i r r a d i a t i o n s  were 
completed. Because o f  t h i s ,  t h e  temperature of  t h e  c u l t u r e s  
a t  t h e  time o f  i r r a d i a t i o n  var ied  from 37' t o  42' C. 
The i r r a d i a t e d  tubes  were returned t o  t h e  con t ro l l ed  
e n v i m m e n t  where they were maintained except when t h e  popu- 
l a t i o n s  of Euglena were determined. The c o n t r o l s  were t r e a t e d  
s i m i l a r l y  except no i r r a d i a t i o n  was applied.  
CHAPTER IV 
DATA AND INTERPRETATION OF DATA 
The number of  organisms per  u n i t  volume w a s  checked 
by hemocfiometer counts agains t  t he  readings of  t he  densi- 
meter t o  develop a population dens i ty  curve, S e r i a l  d i lu -  
t i o n s  were made wlth mass cul tures ,  and a co r r e l a t i on  curve 
was developed f o r  l a t e r  population counts, The densimeter 
readings  were corre la ted  with t he  a c t u a l  population count by 
uaing a hemocytometer, a microscope, and a camera. A t  l e a s t  
s i x  photographs per  ohm reading were taken, but  t yp i ca l l y  
t e n  t o  twelve photographs were used. The negat ives were 
read with t h e  a i d  of a f i l m  s t r i p  projec tor ,  and t he  average 
number of  organisms obaerved were recorded opposi te  t he  ohm 
reading, The ohm readings and t he  organism numbers pe r  3 
cubic mi l l imeter  were graphed f o r  determining population 
dens i ty .  A fou r th  degree a lgebra ic  equation was used t o  
f i t  t h e  ohm reading-density curve. Five ohm readings and 
t h e i r  corresponding observed population numbers were se lec ted  
t o  represent  t h e  lower port ion of t he  curve, These numbers 
were between 1 and 50 and were randomly picked. The following 
equat ion resu l t ed :  
& + bx3 + cx2 + dX + e = T. 
 he l e t t e r  X refer red  t o  t he  ohm mading and t he  l e t t e r  Y t o  
the The r e s u l t  of t he  four th  degree equation 
was as follows: 
- . o o o ~ ~ ~ x ~  + J26541~3 - 7.4502536~2 + 190.884880~ + 
316m4395120 1 Y. 
For t h e  ohm readings which range from 50 t o  LOO, a 
quadra t i c  equation was used t o  f i t  t h r ee  numbers on the  Y 
scale* The formula f o r  this second degree equation is a s  
fo l lows : 
a$ + b x +  c = Y. 
The r e s u l t  of the  uee of t h i s  formula was ,0667x2 + 2x + 
2533 = y* 
For t h e  ohm values over 100, another  quadrat ic  equa- 
t i o n  was employed, and resu l t ed  i n  t h e  following values: 
.003752 + 3 . 5 ~  + 3012.5 = Ye 
Given any ohm reading i t  was then poss ib le  t o  g ive  a 
mathematical population number f o r  t h a t  reading, An ohm 
value  graph was constructed, a s  shown on Figure 1, which 
was used t o  descr ibe  a population number f o r  any one ohm 
reading. Points  located along the  graph represent  t h e  a c t u a l  
counts as determined with t he  a i d  of a henocytometer. 
S t e r i l e  broth cu l t u r e  media was inoculated and organ- 
isms grown under t he  conditions described i n  Chapter 111. 
011 the  fifth day a f t e r  inoculat ion t h e  ohm readings on the 
aensimeter  were observed and readings were continued every 
24 hours through t h e  twenty-fourth day* After taking t he  
Number of organisms per mm3 
Figure 1. Oraph showing organisms number per ohm 
reading. 
readings On the s i x t h  day, 14 c u l t u r e  tubes  were picked a t  
random and Were i r r a d i a t e d  wi th  ultrasound. The remaining 
s ix  t u b e s  Were maintained as cont ro ls .  The first readings  
on i r r a d i a t e d  and c o n t r o l s  were taken  24 hours later,  The 
d a t a  obta ined  from t h e  1 4  i r r a d i a t e d  c u l t u r e  tubes  a r e  shown 
on Table  I. Two a d d i t i o n a l  s e r i e s  of  s i m i l a r  experiments 
were performed and t h e  r e s u l t s  were comparable i n  a l l  
r e s p e c t s ,  
The average of bo th  t h e  c o n t r o l  and t h e  experimental  
o r g a n i s m  after each d a y t s  r ead ing  were determined. This 
i n fo rma t ion  a long  wi th  t h e  real popula t ion  number was a l s o  
recorded  on Tables I and 11. 
The l e f t  s i d e  o f  t h e  t a b l e s  refer t o  t h e  c u l t u r e  tube  
number and the numerals on t h e  t o p  o f  t h e  t a b l e s  p e r t a i n s  t o  
t h e  day on which t h e  ohm readings  were made. For in s t ance ,  
c u l t u r e  t u b e  number t e n  had a n  ohm reading o f  th ree- ten ths  
on day seven, o r  about  t h r e e  hundred and seventy-three organ- 
isms p e r  cubic  mi l l ime te r  on t h a t  day. Cul ture  tube  number 
aeven had a n  ohm reading  of seventy  on day fou r t een  o r  about 
t h r e e  thousand organisms p e r  cubic mi l l imeter ,  
The readings  were terminated on t h e  twenty-fourth day, 
and t h e  averages  were graphed. Both t h e  t r e a t e d  and con t ro l l ed  
averages  are shown on Figure 2. 
The ohm readings  d i d  n o t  decrease  a f t e r  t h e  ul t rasound 
t r ea tmen t ,  even though it was shorn t h a t  t h e  number of l i d n ~ ;  
Tam I 
DAY BY DAY OHM READIIGS CIF IPRADIN'ZD E U G I E U  CUETURES 
Days from inooulation 
Tube 
number5 6 7 8 9 10 11 12 15 14 16 16 17 18 19 20 21 22 23 24 
Dayr from lmooulatiom 
Tube 
-bar 6 6 7 8 9 10 11 1? 15 14 16 16 17 18 19 20 21 22 23 24 
B U E j  There are no denolmter readings for days 1-4, 
DAY BY DAY OEM FBADINGS UF CONTROL EUGIENA CllLTmS 
8 m1 .4 1.8 8.0 20.0 46 80.5 140 200 300 600 500 500 600 700 800 800 700 700 700 ill 
IQm r There are no denmimeter readlnf~r f o r  daye 1-4. I 
Time, Days (. - control 
A - irradiated 
Figure 2. Graph comparing population8 of irradiated 
culturea wlth control. 
organisms had been d r a s t i c a l l y  decreased. The i r r a d i a t e d  
broken and t h e i r  con ten t s  d i spersed  i n t o  t h e  broth .  
In the case  of E m ,  chlorophyl l  was p resen t ,  and i t s  
c o l o r  absorbs  l i g h t ,  t he re fo re  no ohm di f fe rence  was noted, 
I n  48 hours  most of t h e  green c o l o r  had disappeared due t o  
c h l o r o ~ h ~ l l  d i8 in t eg ra t ion .  Increased abso rp t ion  of l i g h t  
occur red  immediately i n  t h e  c o n t r o l  organisms as recorded 
i n  Table  11. 
It is noted t h a t  t h e  l a g  phase o f  t h e  t r e a t e d  c u l t u r e s  
was much longe r  i n  durat ion.  The l a g  phase o f  t h e  c o n t r o l  
ex t ends  from t h e  first t o  t h e  t e n t h  day. The l a g  phase o f  
t h e  t r e a t e d  c u l t u r e s  extends from t h e  first t o  t h e  t h i r t e e n t h  
day. Th i s  phase i s  defined as t h a t  t ime i n  t h e  growth o f  a 
group o f  organisms when t h e y  a r e  a d j u s t i n g  p h y s i o l o g i c a l l y  
t o  t h e  anrironment,  The longer  l a g  phase o f  t h e  i r r a d i a t e d  
c u l t u r e s  ahonld h a r e  been expected as many o r g a n i s m  were 
d s o t m y e d  b y 4 t h e  i r r a d i a t i o n ,  
The accelerated-growth phase came n e a r  t h e  end of  t h e  
l a g  phase, and was n o t  e a s i l y  d i s t i ngu i shed  i n  t h e s e  c u l t u r e s .  
Hot a l l  organisms reached this phase a t  t h e  same t ime b u t  
when t h e y  d i d ,  each organism divided a t  an opt imal  rate. 
~t t h i s  time, t h e  organisms were s a i d  t o  be i n  l o g a r i t m c  
o r  e x p o e n t i a l  growth. I n  comparing t h e  c o n t r o l  t o  t h e  
t r e a t e d ,  f i nd  t h a t  t h e  l o g l r i t h a i c  phase of t h e  control 
is m r a  The t r e a t e d  organism8 f a i l e d  t o  grow as 
20 
r a p i d l y  a8 t h e  cont ro ls .  It may be concluded t h a t  something 
was in t h e  enrbonment  which curbed growth s i n c e  the food 
s o u r c e  was t h e  aame i n  a l l  cu l tu res ,  
The deacce le ra t ion  and s t a t i o n a r p  phase of the two 
groups show t h e  g r e a t e s t  d i f f e rences .  The upper l i m i t  of t h e  
c o n t r o l  group had a d e n s i t y  o f  6793 organisms p e r  cubic  m i l i -  
meter. Th i s  can be i n t e r p r e t e d  i n  one of  t h r e e  ways: (1) 
t h i a  was t h e  g r e a t e s t  dens i ty  t h a t  t h e  environment could 
suppor t ;  ( 2 )  t h e  food supply was depleted and g r o a h  slowed 
and s topped;  o r  ( 3 )  t h e  environment became t o o  t o x i c  f o r  
f u r t h e r  growth, The upper l i m i t  o f  t h e  t r e a t e d  group reached 
a d e n s i t y  o f  on ly  5847 organisms pe r  cubic milimeter. On 
t h e  average  t h e r e  were 946,000 less organisms pe r  m i l i l i t e r  
i n  the  i r r a d i a t e d  cu l tures .  
While no t  shown i n  t h e  graph, measurements were made 
i n  an a t t empt  t o  more p r e c i s e l y  d i scuss  t h e  reasons t h e  irra- 
d i a t e d  popula t ion  var ied  fmm t h e  control .  One group of  t e s t  
t u b e s  w i t h  on ly  b r o t h  media were t r e a t e d  with  ultrasound 
whi l e  c o n t r o l s  were not. Both groups were then  inocula ted  
and allowed t o  grow f o r  24 days, The r e s u l t  o f  t h i s  s tudy  
ahowsd t h a t  i r r a d i a t e d  media has no in f luence  on t h e  growth 
of Euglena, I n  a t e s t  of t h e  d e n s i t y  f a c t o r  i n  inocu la t ion ,  
one group of c u l t u r e  tubes  were inocula ted  and i r r a d i a t e d  on 
t h e  s i x t h  day. The c u l t u r e  tubes  were then  inocula ted  wi th  
t h e  aame number of organisms t h a t  survived t h e  i r r a d i a t i o n .  
2 1  
Both t h e  t r e a t e d  and c o n t r o l s  were grown under t h e  same con- 
d i t i o n s *  The r e s u l t s  of t h i s  experiment were similar t o  t h e  
p r e v i o u s  d a t a :  t h e  c o n t r o l  group grew t o  a g r e a t e r  d e n s i t y  
and t h e  exper imentals  plateaued a t  lower populat ion l e v e l s *  
A *tW test  was run on t h e  d a t a  c o l l e c t e d  t o  determine 
i t s  s i g n i f i c a n c e ,  The r e s u l t s  are recorded i n  t h e  Appendix* 
CHAPTER V 
SUMMARY 
The purpose of  t h i s  s tudy  was (1) t o  develop methods 
f o r  t h e  de te rmina t ion  o f  t h e  e f f e c t  of  u l t r a s o n i c s  on t h e  
popu la t ion  growth of Euglena and ( 2 )  t o  d e s c r i b e  i ts  e f f e c t .  
A densimeter  was designed and constructed.  Inocula ted  
t u b e s  of Euglena were i n s e r t e d  i n t o  t h e  densimeter and t h e  
r e s i s t a n c e  o f  a beam o f  l i g h t  was read on a n  ohm meter, The I 
I 
number o f  organisms p e r  cubic mi l l ime te r  f o r  va r ious  ohmite I 
I r e a d i n g s  was determined using a hemocytometer, a microscope, 
and a photographic  apparatus .  v 
C u l t u r e  tubes  were grown under cons tan t  l i g h t  and a t  I I 
1 
a c o n s t a n t  temperature,  On t h e  f i f t h  day o f  growth, f o u r t e e n  L 
a c t i v e  c u l t u r e s  were i r r a d i a t e d  i n  an  u l t r a s o n i c  generator .  
The remaining a i x  c u l t u r e s  were maintained as c o n t r o l s ,  Both 
t h e  t r e a t e d  and t h e  c o n t r o l  tubes  were read once a day f o r  a 
pe r iod  o f  24 days,  a t  which time it was impossible  t o  d i s -  
t i n g u i s h  t h e  l i v i n g  organisms from t h e  dead. Two a d d i t i o n a l  
s e r i e s  o f  s i m i l a r  experiments were performed r e s u l t i n g  i n  
comparable r e s u l t s .  
Ultrasound had a d e f i n i t e  e f f e c t  on E w l e n a  popula- 
t i o n s ,  F u r t h e r  s tudy  could determine more p r e c i s e l y  t h e  
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"Tn TEST 
Hypothesis:  U l t r a son ic  sound has  no e f f e c t  on r a t e  of growth 
o f  E u ~ l e n a ,  
A l t e r n a t i v e :  U l t r a son ic  sound has an  e f f e c t  on r a t e  of growth 
o f  Euglena. 
n t n  s t a t i s t i c  would be 
where H - H t r e a t e d  - H c o n t r o l  
T. 
H 
A: H t r e a t e d  = H c o n t r o l  
K 
t r e a t e d  = w ' 191024 
a 
control - 6083.19 - 304.16 20 
Assuming t h a t  t h e  underlying var iances  - are equal  I
s2 treat means 
A A  
2 
c o n t r o l  means m 
where yi- means i n  t r e a t e d  group, and 3 means i n  the c o n t r o l  
Since the variance of the two populations assumed equal, just 
average sample variances to obtain estimate of G2 (population 
variance) 
2 2 
where s2 = S + S is our estimate of 6 . T C 
Estimating the variance of treated group: 




S *tn has 2(n-1) difference, this equals 2(19) = 38. The 
significant value of t for = .05 is 1.96. Thus one cannot 
reject the hypothesis that no difference exists. 
Suppose we call the difference between the two means S, then 
for t to be significant (keeping n fixed): 
That i a ,  we would have to observe a difference of at least 
148.37 before we could reject our null hypothesis, whereas 
we observed a difference of 112.92. 
It should be noted that as the variance increases it becomes 
necessary to observe larger differences if it is to be signifi- 
cant. 
